B-fields at NIF Workshop

 The workshop's charter is to capture the near term requirements
for implementing researchers’ plans for magnetic fields around
targets, and to explore longer term, strategic needs.

* The workshop’s charge is to document those near term and long-
term requirements in the materials that come out of the
presentations and discussions.
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B-fields at NIF Workshop format

« Day 1 — talks focused on ICF applications
« Day 2 — talks focused around discovery science proposals

« All talks are to be kept short and informal, with an emphasis on
the implementation of a B-field capability around a target rather
than a deep dive into the interesting physics

« Significant amounts of time have been left unstructured for
discussion following small sets of the talks

The viewgraphs submitted (hopefully on the requested template) will comprise the

proceedings - notes and action items will be captured and relayed to the NIF director
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B-fields at NIF Workshop day 1

Monday, 10/12

1300 - Introduction - Mark Herrmann/Doug Larson 1620 - requirements re. laser-heated plasmas/discussion
1310 - Welcome - Ground rules - Kevin Fournier/John of NIF implementation
Moody 1650 - 05-Direct Drive: PDD and Shock Ignition -

Hohenberger (LLE)

1315 - 01-ICF needs - Perkins et al. - Ignition Applications 1710 - 06-MIFEDS at OMEGA - G. Fiksel (LLE)

1740 - discussion re. implementation issues
1345 - discussion - ICF requirements re. impact on ICF

1810 - 07-FACILITY AND MACHINE SAFETY ISSUES -

1415 - 02-ICF continued - hohlraum performance, LPI VVanWonterghem/Kalantar

supression - D. Strozzi (LLNL), D. Montgomery (LANL)

1445 - ICF requirements/discussion re. NIF 1840 - Day 1 report out - VanWonterghem/Fournier
implementation

1900 - adjourn

1515 - break

1530 - 03-X-Ray Sources - Kemp (Colvin to present) (LLNL)
1550 - 04-MagLIF - Adam Sefkow (SNL)
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B-fields at NIF Workshop day 2

Tuesday, 10/13

1040 - 12-Discovery Science - Reconnection - Will Fox
(PPPL)

0800 - gathering & refreshments

0815 -
1100 - discussion plasma physics

0830 - 08-Discovery Science - Accretion processes in
astrophysics - Michel Koenig/B. Albertazzi/Emeric Falize

(Ecole Polytechnique) (B. Remington to present) 1130 - 13-Hui Chen (LLNL) - positron trapping

0850 - 09-Discovery Science - Collisionless Shocks: PIC
simulations of MiFEDs experiments - Federico Fiuza -

(Stanford) for Anatoly Spitkovsky (PPPL)

1150 - discussion of contributed topics
0910 - 10-Discovery Science - Fermi acceleration - Gianluca

Gregori (Oxford) (Hye-Sook Park to present)

0930 - discussion re. laboratory astrphysics R0 - Wi s et el e o e o A

1000 - break 1300 - adjourn

1020 - 11-B-Field Generation at LFEX - Shinsuki Fujioka
(ILE) (John Moody to present)
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B-field physics considerations 2015 NIF B-field Workshop

Basic B-field physics considerations

Soak-in time (1D in r) B-field energy in 1 cm3
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2 page Physics summary (1)

2015 NIF B-field Workshop

Experiment(s): | Magnetized Ignition and TN-Burn Platforms

Experiment: Magnetized ignition and TN-burn
Responsible Org: LLNL (LLE)

NIF shots from: /ICF and HED programs
Designers: J.Perkins et al.

Shot Rl: TBD Engineer: TBD

Experimental objectives: Increase margin
for ignition and TN-burn through capsule
compression of an imposed magnetic field

Key physics related to having a B-field:
Lower required rhoR*T, .. (P*tau) for
ignition via reduction in alpha deposition
range, suppression of e-heat conduction
and suppression of hydro instabilities

Expected results: Increase in (1) capsule
fusion yields , (2) ignition onset, relative to
corresponding controls with no applied field

= May permit the recovery of ignition, or
at least significant fusion alpha particle
heating and yield, in otherwise sub-
marginal NIF capsules

Important aspects of the experiment:

» Key B-field requirements: ~30-70T (~50T
nominal), axial field within a hohlraum volume
(~0.6x1.2cm); 21us rise, Uniformity ~10%
across capsule

 LDRD-funded pulsed power system: Can

be ready for NIF integration in 2016 for room
temperature targets (cryo-targets 22107)

e Can be phased :
- 30-70T
- Room-temperature targets then cryo

10/11/15

We have designed various magnetized ignition targets.
First experiments will be room temperature gas targets
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2 page Physics summary (2) 2015 NIF B-field Workshop

Experiment(s): | Magnetized Ignition and TN-Burn Platforms

First experiments will be magnetized room-temp gas

Pulsed power supply capsules (two variants). Shot from TANDM 90-348?
in TANDM 90-348 ?? "

(has alignment capability) 5 horaum (ot At
~8-10pm . Non-
conducting backing

Wetted-foam or
cryo-layered "
capsule |

Potted single-layer
coil w/ midplane
diagnostic access

—>

Target w/
hohlraum coil

(Cryo coupling and shroud not shown)
Cryo ignition targets (wetted-foam or cryo-
10/11/15 layered) require TL-coupling to cryo-TARPOS) 2




Magnetized Ignition and TN-Burn Platforms

Three classes of NIF magnetized ignition/burn platforms
are under study in indirect drive

EDRD

Laboratory Directed Research and Development

Magnetized room-temp. gas capsules for first

experiments
\

CH, HDC, B,C (not Be) Graded lo-Z to hi-Z

Follow-on
cryo-capsules

ablator/pusher

Al perm. barrier\p

Equiv payload Y
to cryo DT

pusher/ablator
HDC, B,C (not Be) ™ @i S22
Ta, W, Pt,... —

0.5um anti-mix /
. anti-hydriding layer
Medium pressure

DT gas (~2-3mg/cc) Medium pressure

Ablator: CH, HDC,
B,C (not Be)

Cryo-layered DT
or DT wetted foam

DT gas
(0.3 - 14mg/cc)

DT gas (~ 6mg/cc)
Room-Temp Gas Metal-Gas Cryo Ignition

Rationale B-dep. a heating feedback on Volumetric ign/burn at Ignition and propagating burn

yield (room-temp analog of cryo) | T,;,~6keV with low at reduced hotspot conditions

velocity; other apps

Max yields (MJ) ~0.1 21 ~1-20
Initial 300K 300K Cryo-layered ~19K
temperature Wetted foam: ~19-30K
DT Fuel Gas (~10-15Atm, ~2-3mg/cc) Gas (~29Atm, ~6mg/cc) | Solid-DT or wetted foam
Ignition type Volumetric heating Volumetric ignition Hotspot ignition + prop burn
T ign! Ti max(keV) | Likely only o heat. to <10keV ~6/20 (Rad. trapped) ~12 /100




Requirement: | B-field magnitude 2015 NIF B-field Workshop

These experiments require B ~ 30-70T

B-field magnitude: 30-70T (50T nominal)
B-field spatial variation requirements: Solenoidal axial B, field

B-field spatial uniformity requirements: Acceptable field uniformity across capsule
(~10%) achievable from hohlraum solenoid w/ split coil and midplane diagnostic
acc

<+— N140304 (hi-foot,

S —— B,: <«— Full 1D yield
107 0 —e—
'y 20T ——
0 / | 40T —0— .
—_ N o o deposition
S10° Nemr 100t 4— _ 10x shell KE.
ke 4 NY Ignition!
S | N
>1 05 ) v
- | | _
(@)
7
-
LL

10%} e 3-shock)
No f Iph \.
e Seposition «— N141123 (A.S
3 4-shock)
10— 4 6 8 10 19 2D LASNEX with full
Ablator perturbation multiplier (low modes) alpha orbit tracking

NIF cryo-layered ignition capsule; 4-shock 1.8MJ — An axial seed
magnetic field may recover ignition, or at least significant alpha heating

10/11/15



Requirement: | B-field spatial extent + diagnostic access | 2075 NIF B-field Workshop

Experiments require an axial hohlraum field with regular
hohlraum diagnostic access

V7,

0

U hohlraum (not Au)
~8-10um . Non-
conducting backing

Wetted-foam or
cryo-layered
capsule

Potted single-layer
coil w/ midplane
diagnostic access

- universal T
* Split, center-fed coil. Hohlraum test coil
» 2dConA backlighter access 800x800um. ~ ,
* 1d self-emission access160x970um * 1d self-emission160x970um
» Zylon composite overwrap Room temperature « No starburst if wetted foam
* No keyhole shots req'd targets Cryo targets will require a modified
TMP (no conductors outside the
i o o RN L R hohlram wall) and new cryo-shroud
s - Spark 55“5 £ SR -
i) : s Ooupler Hohlraum .| A=
5 iDMoap |7 femtiem colsR e i
E:j:.xsrsnjxn %ﬁqm:* Ei:’:.!ETER:?” B Ri7 [

SDT(l(Vsense)**2){area)™2
[[Vserse] IF{SOYKVsense] ™2} {srea}""2<Bo¥ flength}({areal] {eta} EXF{{eta] {sipha) {VSH}{{area] 2] "SOT{|{Vsense]"2}}, 1000}

Pulsed power supply: ICAR has supplied us five spark-gap-
switched capacitors ~4uF @40kV (3.2kJ), 60kA .

10/11/15



We are performing power supply and hohlraum coil tests in ﬂg
our B490 lab. Coils are wound and potted in B321

[ ==
~ | Main ==

(OE T FWETEC T sparkgap
N "' - - switches
o b“ (dry Nz)

\

Coil Capacitor

debris [
tank

Hohlraum coil

)
o

Center-fed dual coil

|__6mm dia hohlraum

dimension
50T/70T

E - -y ‘f Coil winding ' » B321 Wlndlng
_ J - | ] n
Vi | : Facility




Design field for NIF hohlraums =50T nominal (70T max). We’ve qg
achieved 58T in our offline lab tests in sample hohlraum coils st mmma

Wound potted coil and T-line

70.00

60.00 60 kA Tensile strength of Zylon
58 Tesla composite ~ 5800 MPa.
s0.00 ) Tube stress at 50T
—B-field (T)

40.00

~1600MPa.
So shouldn’t disassemble

-Voltage (kV)

30.00

(ALE3D suggests no melt at
50T, 70% of melt at 70T but
after peak field is reached)

20.00 f

10.00

Waveforms - latest 58T shot Coil after a 31T shot

M.A.Rhodes LLNL



A new test tank with NIF-integrable components is under =
construction for vacuum coil tests this fall in our B490 lab.

Series Sparkgap switch “Air” box -
Vacuum, ;
Vacuum, resistors (Ar /SFe) Trigger power  |CA4uf40kV power RC318 (C,F,)
. . feedthrough capacitor ) e
diagnostic and supply P supply dielectric fill gas

view ports
Coil test

chamber\A

We are liaising with NIF to assess 2016-17 integration.
The NIF FY16 new experimental capabilities program contains a line item for this
(NNSA MTE 10.3 - NIF Diagnostics, Cryogenics, and Experimental Support)

M.A.Rhodes LLNL




Requirement: | B-field rise-time 2015 NIF B-field Workshop

B-field rise-time and flattop requirements

B-field requirements: B-field to be established before, and maintained
during, capsule implosion, i.e., time constants >>20ns

B-field rise-time: « Sufficiently slow to minimize dB/dt effects in 8-10um U
hohlraum < =2>1us (present design is ~2us); * Can’t be >> than this
otherwise coil will melt before peak field; « Au hohlraum likely too conductive;
« Effect on cryo-layering TBD (— baseline wetted foams for first cryo tests)

B-field “flattop”: 500ns for 290% of field. (present sinusoidal design field
half (+ve) period ~ 4us) i |

omootz FCOI/ |
ALE3D: il 1 mma

2-D mesh

\\\\\\

Hohlraum field at 2. 5;43 for 38 kA Magnetic field at peak current
10/11/15 into 2*15-turns => 50T (note skin effect) ~constant inside for U-hohlraum q




Requirement: | Other issues 2015 NIF B-field Workshop

Other issues:

10/11/15

Capacitor stored energy in TANDM: 3.2kJ at full charge. Shrapnel case
and debris containment? Can it survive gas box depressurization?
(Alternative external cable current-supply system?? — we scoped this and
discarded in favor of the present in-situ design)

Laser pulse shape and protection: All magnetized ignition target designs
thus far have conventional 2-4-shock adiabat-shaped pulse shapes so laser
considerations are ~same as for regular targets

(However, stay tuned for a left-field concept....!)

EMP: Lots of gammas (—Compton electrons) in a compressed magnetic
field — especially for the metal-gas targets; = Diagnostics protection?

dB/dt: Effect of dB/dt on cryo-layering TBD (= baseline wetted foams for
first cryo tests). Effects on U hohlraum modeled as ~OK but will be verified in
lab tests in the near future

Vibrations: Effect of spark gap, cap and coil JXB pulses on alignment?

Coupling to cryo targets: \We are assessing an inductive coupling concept
from room-temperature TANDM T-line to cryo hohlraum+coil (other ideas ?)

2015 NIF B-field Workshop
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Summary

Experiment(s):

2015 NIF B-field Workshop

Magnetized Ignition and TN-Burn Platforms

Summary requirements

B-field magnitude

30-70 T

B-field spatial
shape / extent

Axial solenoidal
field within a NIF
hohlraum volume

B-field uniformity

~10% over capsule
volume

B-field rise time

=1 us

Diagnostic access

Regular NIF
requirements for
2dConA, Symcaps
and cryo (no
keyhole req’d)

Other

Future coupling to
cryo capsules

10/11/15

CH, HDC, B,C (not Be)
ablator/pusher

Al perm. barrier—) a

Equiv payload %
to cryo DT

Medium pressure
DT gas (~2-3mg/cc)

Room temperature magnetized
gas target

2015 NIF B-field Workshop 11



This NIF magnetized target capability would enable a rich
portfolio of discovery science and HED applications. Examples..!Dq

Laboratory Directed Research and Development

® Ignition and TN-burn in magnetized capsules (various types) - enhancement of ign.
margins: ~50T, hohlraum volume, room temp and cryo capsules, =1MJ

@ Validation of laser preheat in magnetized channels for application to Sandia’s MagLIF
initiative: ~30T, 1cm-length, gas channel, 30kJ

® Collisionless shocks in background fields (gamma-ray bursters, supernova remnants):
~30T+, 1cm, D,-CH low-density plasma, 1cm-length (0.3cm access) 250kJ

® Magnetic stagnation of plasma flows (solar-terrestrial magnetosphere, heliosphere),
instabilities and inhibition. Need B%/2u, ~p V.

® Astrophysical jets (accretion columns, white dwarfs): 70’s-T, 0.25n
nozzle-LEH for high Mach-No., =1MJ

® High T, 4 hohlraums: high intensity beams in small volume hohlraum with B-suppression
of e-transport in hi-Z non-LTE conversion layers: ~10’sT, 80um beam spots ~10"°W/cm? (no
phaseplates)

doped neopentane,

crit

® High altitude phenomena:
- Exploding plasma collisionless shocks
- EMP E1 (WEMP code benchmarking): ~20T, oR, . ..2psome~19m/cm? =100 Compton gyro

orbits, e-mfp/gyro orbit ~1/3 (EMP from compressed capsule burn?)

= Applications require ~10’s T in <cm?volumes, so all are
potentially appropriate experiments for this system




10/11/15

Backup Slides

2015 NIF B-field Workshop
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NIF cryo-layered CH ablators: Increasing capsule |
perturbations will cause ignition failure !DQE

Laboratory Directed Research and Development

e —o— <— Full 1D yield
107} With fusion alpha No B-field
deposition
—_ el a deposition
S 108} E—_;. “— - 10x shell KE.
o > Ignition!
5 2
>10°
S
= - —— — o __ <+— N140304 (hi-foot,
S 40t ~e_ _ 3-shock)
Nominal No fusion alpha
NIC spec deposition <«— N141123 (A.S
; v 4-shock)
10% > 4 6 8 10 12
/Ablator perturbation multiplier (low modes)
1108pym —
Ablator CH (2% Si) _~ 2D Roughnesses:
195um / -Outer ablator
DT fuel 68ym -Dopant surf 1-4 . .
-Ice/ablator 2D LASNEX simulations
Pulse shape: -Inner ice
standard 4-shock,

2ns rise, coast

Standard NIC CH-abl. 2%Si(X1) 68um fuel, low foot 4-shock



An axial seed magnetic field may recover ignition, or at least
significant alpha heating @QE

Laboratory Directed Research and Development

B,: <— Full 1D yield

—
o
~

a deposition
“— ~ 10x shell KE.
Ignition!

—
o
»
@
EN
o
-

<«— N140304 (hi-foot,

Fusion yield (J)
o
(&)

10%} e 3-shock)
No fusion alpha \.
deposition * <«— N141123 (A.S
3 4-shock)
109 5 4 6 8§ 10 12
Ablator perturbation multiplier (low modes)
1108pym —
Ablator CH (2% Si) }ZD Roughnesses:
oT ¢ 1?22"“ / -Outer ablator
uel 68ym - - . . . . .
e | 2D LASNEX simulations with full orbit following
standard 4-shook. -inier loe of fusion alpha particles

2ns rise, coast

Standard NIC CH-abl. 2%Si(X1) 68um fuel, low foot 4-shock



An axial seed magnetic field may recover ignition, or at least |
significant alpha heating EQE

Laboratory Directed Research and Development

<— Full 1D yield

—
o
~

a deposition
“— ~ 10x shell KE.
Ignition!

—_
o
()

<«— N140304 (hi-foot,

Fusion yield (J)
o
(&)

No fusionalpha
deposition N141123 (A.S
3 4-shock)
10° 2 4 6 8§ 10 12
Ablator perturbation multiplier (low modes)
1108pym —
Ablator CH (2% Si) }ZD Roughnesses:
oT ¢ 1?2;"“ / -Outer ablator
uel 68ym - - . . . . .

e | 2D LASNEX simulations with full orbit following

standard 4-shook. -inier loe of fusion alpha particles

2ns rise, coast

Standard NIC CH-abl. 2%Si(X1) 68um fuel, low foot 4-shock



LASNEX simulations indicate that imposed fields recover
ignition in otherwise sub-marginal capsules

Laboratory Directed Research and Development

Contours at ign/stagnation
for a large outer surface

amplitude low-mode B,=0 B,=100T
perturbation of X8. Yield =0.009MJ Yield=0.89MJ
] .
%3 . Mag mirror
z ratio ~4,
£3 = o loss
) cone ~30deg
Magnetic
°n flux lines
[ ) °
© ©
8 o
gy

0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Z (rel. scale) Z (rel. scale)



NIF cryo CH capsules: What does a compressed B-field do for S [HD
a 3-shock Hi-Foot implosion? qﬂ

Laboratory Directed Research and Development

Apply angle-dep. P4 rad flux

o 2D Perturbed. No B 2D Perturbed. B,=50T

e Density

N140304 3-shock hi-foot
inflight + stagnation params

1130pum —
Ablator CH (2% Si) _—~»

195um
DT fuel 69um /

N140304 Hydro Parms:
442TW, 1.86MJ, 3-shock hi-foot
V=3.7e7cm/s, a=2.42

2D x1 rough. fusion yield=5.7MJ

Run5976_0.21

40504 Data

Run5975_0.21

Fusion yield N,=9.43e15, 26.6kJ N,=8.88e15, 25.1kJ N,=8.49e16, 240kJ
Ti_Brysk (keV) | 5.55 (Incl Doppler?) 3.62 9.50

Ti(0) max (keV) |- 6.64 15.0

PR} ¢/PReheil 0.140/0.775 0.338/0.740 0.266/1.13

P, (Gbar) 173 221 349

Conv. ratio 33.5 33.0 37.1

Yield—no a dep. | 12.3kJ 11.6kJ 14.9kJ




NIF 3-shock cryo-HDC capsules: Implosion departs further =
from sphericity as seed field increases beyond ~40 T

HDC 3-shock: Density contours @ignition

yield (M))

z (rel. scale)

- v

& &0

seed B held [T)

- HDC 3-Shock. Nominal roughness -

Optimum seed field for an HDC 3-shock
capsule is around 40T

D.D.Ho LLNL



NIF Polar Direct Drive with magnetized HDC gas capsules (B. G. Logan)

-y :
xd Ignition ? Magnetic field
' “oliff” . pressure

competes with

hydro pressure

——iid
Recommended /

field for NIF

MPDD experiments

’ » - - . .- ——e

Fusion
yield (kJ)

- — il

_Gas convergence
ratio

:
’
et

190km/s,
- 7.9mg/cc fill

i Shell pR (g/cm?) | |

- _—— - —_— - PPN 8 - -

1 104 1= 1
Initial applied magnetic field B,, (T)

HDC room temperature gas capsule in polar direct drive have the

potential for over 1MJ yield with an imposed magnetic field Sie 26



Simulations indicate that RT-growth into the hotspot may ™)
be suppressed at higher B-fields (in 2-D at least) qﬂ

Lahoratory Directed Research and Development

Density contours in the r-z plane at ignition (T(0)=12keV) for imposed single-
mode perturbation of amplitude 5um on ice-gas interface at t=0

1108ym — By,=0 B,=20T B,=100T

Ice-gas
interface
850pm

Mode 12

870

— l DT ice
€ 860

=oAL
g 840 DT gas g’r‘#&

o
0 1020 30 40 50 60 70 80 90
Angle (deg)

Mode 24

Impose a 5um amplitude

¢=12 and ¢ =24 cosine Densit l
initial perturbation on enstty

ice-gas interface at t=0

Suppression of RT instabilities is due to the field-line bending energy that must
be expended (good curvature direction — stabilizing).

Effect will be enhanced at higher mode numbers (smaller bend radii) but 3-D
simulations will be required for full insight




The rich physics of NIF magnetized ignition targets - | B
Findings to date.... EDQ

Laboratory Directed Research and Development

@ Initial fields of 40-70T compressing to >10% T (100’s MG) under implosion can relax
conditions for ignition and thermonuclear burn in NIF targets (hotspot-ignition and
volumetric-ignition target variants)

® Trapped alpha particles are localized within hotspot resulting in reduced hotspot
criteria for ignition (reduces required pR*T and pressure for ign)

® Electron heat conduction loss in hotspot is shut off across the field (w_.z,;>>1)

® Mirror fields in sausage implosions provide further insulation to electron and alpha
conduction loss (as could frozen-in field lines spun up by resid.-KE)

® Compressed field may suppress Rayleigh-Taylor instability ingress into hotspot during
stagnation

® Imposed magnetic fields enable volumetric ignition/burn in room-temperature high-Z
metal-gas targets (first experiments?)

® Hohlraum field can improve inner beam propagation and may inhibit transport of late-
time LPI hot electron preheat to capsule

= May permit the recovery of ignition, or at least significant fusion
alpha particle heating and yield, in otherwise sub-marginal NIF capsules
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Use of External Magnetic Fields in Hohlraum
Plasmas to Improve Laser-Coupling
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Use of External Magnetic Fields in Hohlraum
Plasmas to Improve Laser-Coupling

= Increased underdense plasmatemperatures are desirable for
NIF ignition hohlraums

- improve laser propagation through long-scale-length low-Z plasma
(less inverse bremsstrahlung absorption)

- possibly mitigate LPI with higher T, (higher kA5, more Landau
damping)

= Magnetic insulation can increase the plasma temperature with
B,210-T in gas-filled hohlraums

= Omega experiments using gas-filled hohlraums demonstrate
an increased plasma temperature with B, = 7.5-T
- plasma conditions measured with 4 Thomson scattering

- 2-D HYDRA simulations are in good agreement with
experimental results

» Los Alamos

NATIONAL LABORATORY




Adequate coupling of the laser is required for
indirect drive ignition

* laser-hohlraum coupling affects:
- radiation drive (implosion velocity)
- radiation symmetry

- preheat

M inner * lower than expected T, is inferred [1] in the

| aeo")"ms underdense plasma for NIF ignition hohlraums:
- significant collisional absorption in cooler,

low-Z plasma (symmetry)
- substantial SRS on inner beams (drive,
symmetry, preheat, ...)

Higher coronal plasma temperatures can improve
laser-plasma coupling in hohlraum targets

1. M.D. Rosen et al., HEDP 7, 180 (2011)
» Los Alamos

NATIONAL LABORATORY
EEEEEEEE




SRS reflectivity decreases with increasing kg
(increasing electron temperature T,)

= The daughter EPW saturates when

the trapped e- bounce frequency is O
comparable to the side loss rate for - > N .
a trapped electron : pump only: Iave—5.8x1\0 Wiem
, , B A .
b _ ¢ ¢ sl B 3 i
’——k D\’_Nr_ ' [ ' 14 2]
! e I, !, @ pump Ia\}€=5.8x1013 W/cm2 1
_ _ [\ seed [,,.F2.9x10" W/cm?" ]
" Egrs ~ 9Epsers Rsrs = (Esrs/Eiaser)’ CI-:_,Sin\gIe speckle” \\ ]
SO [ 1,=6% 1015 Wiem?2: ‘.
| L » N ]
Ryps ~ (k’—)4 (0r Rggs ~ Te) " O ‘. N ]
- D : N An\ ]
o E
= This simple scaling? agrees well Ol Q.50 e
with both single- and multi-speckle 2 B A3 b as
VPIC simulations over a range of <

conditions
1Yin, Albright, Rose et al. Phys. Plasmas 19, 056304 (2012) !

» Los Alamos
MNATIONAL LABORATORY
EST.1943




Magnetic insulation can lead to increased
hohlraum plasma temperatures

when p; < A Braginskii heat fluxT

transport across

magnetic field is Oy~ VI,—x,V 1,

1 e

reduced since nlt.
K zy e € el
p_ sets the e

e

transport step size

e yf ne];’[ei
17 2 2
maa T

e ce éel

“insulation” occurs when:

Larmor radius elll?cltro”'iof”
=m.v/eB collision m.1.p.
PL ¢ B, Mai = Vi Vo 2
ei th! Vei K 1
L <<1
K o T .
ce el

adapted from “Physics of Laser Fusion, Vol. 17, I
C.E. Max, UCRL-53107 (1982)

T ignoring cross-terms

» Los Alamos

NATIONAL LABORATORY 5




Scaling from previous experiments suggests
B,~ 10-T may increase T, In gas-filled hohlraums

Magnetized Gasjet
Experiments* gasjet parameters NIF parameters
08 ® | 250 eV 2-2.5keV
i‘j 0.6 1.5e19 e/cm? 1e21 e/cm3
7’;7 Z ~5(N,) 2 — 3.5 (He or CH)
VA ] B, 10T 10-12 T
) 0250 15 | —s Gyl R, 11
Magnetic Field (T) WeeTej K 15 K, 10 15

* Froula et al., PRL (2007)

We expect a temperature increase for magnetized NIF hohlraums

» Los Alamos

NATIONAL LABORATORY




Experiments are performed at Omega using
gas-filled hohlraums and an external B-field

Side view 4o probe
No MIFEDS coil
MIFEDS | 16:65+ i O.D.
2.4 mm coil 8-mm I.D.
Cones 1,2,3
drive beams

* 19-kJ of 3w in 1-ns pulse (39 beams, 3 cones), gas-fill 0.95-atm 25% CzH,, + 75% CH,
* plasma conditions measured using 4o Thomson scattering, delayed 0.3-ns

- external B, applied using MIFEDS coil in a 400-ns pulset

h?gﬁ'ﬁmgﬁ T Gotchev et al., Rev. Sci. Instrum. 80, 043504 (2009). 7

EST. 1943

10/23/2015




Time-dependent plasma temperatures are
measured using 4o Thomson scattering

Thomson spectrum att = 1-ns
1.4

—+— 70703

1.2 b

1L

0.8 |

Intensity

4w probe
0.6 L

04 |

gas-filled
hohlraum

0.2

MIFEDS%
coll

multi-species form
factor fit: T, = 0.1-keV

» Los Alamos

NATIONAL LABORATORY 8
5T7.1943




A substantial increase in plasma temperature
IS observed with external B-field

5 | | | 5 I I I [ [ [ [
) ' —@— Te (early)
-8, =7aT » —&— Te (late]
*—B,=0 B ON |
4 4 -
/‘i"“'--{
- Bz OFF ] - N
3 —
£ 3 2 3l ]
= A "
2 ; 2 L _
A /
'Y ) |
1 1 I | I | | | |
0 400 800 1200 0 2 4 6 8
time (ps) B (T)

- Los Alamos

NATIONAL LABORATORY




Material regions and log(density) contour
plots from 2-D HYDRA simulations - movie

ireg/dens, t (ns) : 0.00000
o - A R A

« Material regions
010 Au (red)
' CH gas (green)
0.05 * Log(density)
€ . .
£0.00 * Plots very similar with
N and without B,
-0.05
(i.e. p >> 1, B-field affects
010 thermal conduction but
not hydro)
=0 A5 T T T T
~0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
:ﬁgﬂldllIUD R (Cm)
10

NATIONAL LABORATORY
5T7.1943




2-D HYDRA simulations show an increase in
plasma temperature with external B, = 7.5-T

Te ([eV]), t (ns) : 0.00000 Te ([eV]), t (ns) : 0.00000
| | | | |

A [ ] | | N | ! !
—015 —010 -0.05 0.00 0.05 0.10 015015 —010 -0.05 0.00 0.05

R (cm) R (cm)
-Lo Alamos movie

11




5

T (keV)

2-D HYDRA modeling is in good agreement

with measured plasma temperatures?

I I ! 5 | | ! T T T T
-@-B 75T
B |
—0-T model
Lo| e 7 5-T madel 4 |

f_ -----
-
g st

I_l:L'l
? e & 350450 ps
4 950-1050 ps
0 400 800 O O S s

time (ps) +

» Los Alamos

NATIONAL LABORATORY

EST.1943

T D.S. Montgomery et al., Phys. Plasmas (2015)

* HYDRA model:

- used measured
laser parameters

- flux limiter f = 0.05
- no self-fields

- overall trends
compare well

- rapid temperature
rise not captured
at intermediate
times (sampling
region different
between expt &
model).

12




What is the limit for an empty hohlraum with
very large B,?? (conduction only)

Assume straight field lines

B, very large: &, /k; ® 0, but parallel losses remain

For unmagnetized:

Q" R %Ql since the ratio of areas (AL+A”)/A” ~ 4

Unmagnetized heat flux: O ~ 77"

e

Maximum increase: 427 = 1.48

2-D HYDRA:
B,=0 T...~3.7 keV
B,=7.5T T .. ~4.65keV
B, B, =60-T T .. ~4.82keV

“» Los Alamos

NATIONAL LABORATORY 13
5T.1943




What about a hohlraum with a capsule?
(cartoon not a simulation)

t=0 t ~ several ns

Magnetic mirror?

T/T, much larger?

Will need 2-D HYDRA
simulations ...

B, B,

“+ Los Alamos ”

NATIONAL LABORATORY
5T.1943




Summary and Conclusions

Increased underdense plasma temperatures are desirable for
NIF ignition hohlraums

- improve laser propagation through long-scale-length low-Z plasma
(less inverse bremsstrahlung absorption)

- possibly mitigate LPI with higher T, (higher kA5, more Landau
damping)

Magnetic insulation can increase the plasma temperature with
B,210-T in gas-filled hohlraums

Omega experiments using gas-filled hohlraums demonstrate
an increased plasma temperature with B, = 7.5-T
- plasma conditions measured with 4 Thomson scattering

2-D HYDRA simulations are in good agreement with
experimental results

» Los Alamos

NATIONAL LABORATORY
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» Los Alamos

NATIONAL LABORATORY
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/'\
o L

—
00

2-D HYDRA simulations show an increase in
plasma temperature with external B, = 7.5-T
B,=0 B,=75T

Te ([eV]), t(ns):  0.900500 Te ([eV]), t (ns) : 0 900249
0'15“""""?:'1"'5:|||! HEEN ! |

—0.15— _ . = B . 4l
| | | | | | | | [ 11 | [ 1T 11 | 1 |
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15-0.15 -0.10 —0 05 000 0.05 010 O.I'|5

R (cm) R (cm)

Alamos
17




Material regions and log(density) contour
plots from 2-D HYDRA simulations at t=0.9-ns

ireg/dens, t (ns) : 0.900
0.15 | | AEEN O A e

249

« Material regions
Au (red)
CH gas (green)

* Log(density)

* Plots very similar with
and without B,

(i.e. p >> 1, B-field affects
thermal conduction but
not hydro)

| | | | |
~0.15 -0.10 -0.05 0.00 005 0.10 0.15
R (cm)
» Los Alamos

NATIONAL LABORATORY 18
5T.1943




Finite diffusion time for magnetic field into the
Au cylindrical hohlraum due to eddy currents

B, { B,

- Los Alamos

NATIONAL LABORATORY

dB. B B,
+ =

at ., 1,

1 Thin conducting shell
T, = EMOGAa of radius a, thickness A,
conductivity o

B, =B,(1-e"™)

Omega Hohlraum NIF Hohlraum
a=0.8mm a=25mm

A =5-um A = 25-pm

op, = 4e7 (ohm-m)? op, = 4e7 (ohm-m)t
Tn, ~ 100-ns Tn ~ 1.6-Us

oa, IS for 99.9% pure Au at room temperature,
consider adding impurities, e.g. 0.5% at. Ti + 99.5% Au
decreases o to 1e7 (ohm-m)?, then t,, ~ 400-ns.

B, turned on instantly at t=0

19
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Ilgnition Hohlraum Simulations with
Imposed Magnetic Field, and Effect
on Hot Electrons

NIF Magnetic Field Workshop

12 October 2015

David J. Strozzi, J. M. Koning, L. J. Perkins,
M. M. Marinak, D. J. Larson, B. G. Logan

LLNL-PRES-?7? |l Lawrence Livermore

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National 1
Laboratory under contract DE-AC52-07NA27344. Lawrence Livermore National Security, LLC Natlonal Laboratory




Summary: axial B field impacts hohlraum rad-

hydro and hot electrons

* Axial field of 70 Tesla: goal for NIF

0.30

Raises temperature, esp. near wall
e- temperature: with B - without B [keV]

0.25

1.5 ,
0.02 ;

1.2
1"40.9

|| 10.6 0.01
10.3

10.0

r [em]

-0.3

1| 1-0.6

1 ke = ‘-‘.:.:"_:‘;__I.i':... 3
__ 0205/
O 0.15} \ \\
< 0.10 k
' AT, =
0.05 0.2 keV o
B\ ey
08501 02 03 04 05 06 07
z [cm]

—0.9 -0.01
-1.2
-15

Hot electrons magnetized

in fill gas: guided to or
away from capsule

r [ecm]

Improves inner beam propagation:
Increased equator x-ray drive

rho[g/cm ] 215ns

-0.4 -0.2 0.0 0.2 0.4

Lawren

LLNL-PRES-?7?7?

D. J. Strozzi et al., Journ. Plasma Physics (submitted), arxiv.org/abs/1508.00803

National Nuclear Security Administration



Hydra MHD model: simple Ohm’s law, reduced
heat conduction across B the main effect

Single-fluid, quasi-neutral, “Ohmic”: no e- inertia or displacement current

Faraday: 5t|§ =-VxE Blue: how MHD / B field
Ampere: L J=vxB affect matter
: 0
Mass continuity: 0,0, + V- (pmV ) =0 JxB force / magnetic pressure
CM velocity:  p_ (at +V -V )V :>§-‘+ JxB-Vp

0: quasi-neutral
Ohm'’s law: inertia-less e- momentum equation:

—

J =5 Vp, . = -

E = —V X §+—x B— +77.J —e‘l,B-VTe Full Braginskii 1965
n.e n.e
— _V x §_|_,7.j < Used in this work
Electron energy equation: Reduced conduction Ohmic
perp.to B heating

pjTgﬁtTe +p,V-V=¢ (T, —Te)—V.[((K” —KL)66+KLT)VTe:|+77J2 +...

e

Lawrence Livermore National Laboratory NA' S‘f"’ﬁ 3
National Nuclear Security Admini fs:;gv
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e- heat conduction perpendicular to B strongly
suppressed in underdense low-Z fill forB>1T

K, 1+ p,H 72 heli
~ 2 3 =2 helium
K” 1+p2H+p3H +p4H 10 penrboeenbvven oo bovornonn 2
H=ao,r, Hall parameter -
p. depend on Z, -
D.D_-IIIII|IllllllllllllllllII|IIII|__
0 1 2 3
Reduced perpendicular heat conduction: H = Wi T e

Increases electron temperature
Improves inner beam propagation

b Lawrence Livermore National Laboratory NA' Sxﬁg
National Nuclear Security Admini fs:;gv

LLNL-PRES-???



NIF shot N120321: low-foot pulse, CH ablator,
DT ice layer

Picket Peak power

: - Inner beams
i | =— Outer beams ||

- Inner beams
— Outer beams

Time used for two-plasmon Time used for direct-on-capsule and

hot e- Zuma study SRS hot e- Zuma studies

b Lawrence Livermore National Laboratory NA' Sxﬁg 5
National Nuclear Security Admini fs:;gv

LLNL-PRES-???



Magnetic field early in peak power advected by
plasma flow: “frozen-in law” holds

300
1270
1240
1210

B,=70T

Hot e- sources for ZUMA in peak power

b Lawrence Livermore National Laboratory v S?'e-
9% 6
mgﬁmmyAdmmfﬂm%

LLNL-PRES-???



Increased T_: hotter fill and wall, less material in
inner beam path near wall with 70 T axial field

NIT shot N120321 Material Region
18 ns: early peak power

/3 < “"\

Each figure is a hohlraum
guadrant with (top) and
without (bottom) B field

Wider equator
channel with B

Ne/N it - e- tempgraturg [keV] .,

" HigherT, /.

0.125

.o W/ B, esp.
o on equator

0.050

0.025

0.000 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
z [em]

LLNL-PRES-???

Lawrence Livermore National Laboratory A' Sg_o‘% 7



Increased T,: with B field, T, is 0.5 — 1.5 keV
hotter near wall, < 0.5 keV in rest of fill

18 ns: start of E- temperature difference at 18 ns:
With B — without B [keV]

o3 d————— L & 1.5
0.25 = _ Hohlraum l1.2
1 kel >~ - wall 0.0

peak power

0.90 || 0.6

= 10.3

e |

U 0.15 i 10.0

. F 0.3
0.10} AT = | 1—-0.6

e
0.2 keV

_I—0.9

0ns 173

A kev( iR

008501 02 03 04 05 06 07 7
z [cm]

b Lawrence Livermore National Laboratory N \ / Sgﬁg 3
LLNL-| National Nut EASchnI{y Admfnis:;%

PRES-??7?



T, at various times: largest increase with field in
gold

T [keV] 21 ns

T [keV] 18 ns 03ee Lo LkeV] 20 ns -

3.0

45
0.2
2.4 4.0
0.1 35
= = 30 —
£ £ =
S O 00 25 ©
2.0
2 X x
x , -
S¥Region : 91 1.5 -0.1}
. 1 1.0
-0.2 06  -0.2 : i

0.5

el i i -0.3 0.0 .

0307 =06 ~0.5 04 —03 —02 —0.I 00 0 -0.7 =06 -05 -04 -03 -02 -0.1 00 BT ~06 —0.5 ~0.4 ~63 =02 ~01 ‘0.0

z [cm] z [em] z [em]
.. difference [keV]l 18ns .. T difference [keV] 20ns .. osdedifference [keV] 21 ns.,,
. ¥ T X ! T + . 1} ST ] T T T T T .
12 9 . 3 13 1.2
0.25} K : 3 0.9
N TN o
0.20} = s 4l os |l o6 ; ----4 0.6
=) . 10.5keV 7| jo3 c 10.3 ' {03
S 015 S 00 O 10.0 10.0
LU ".r
>< ‘:‘1-- 4 _O 5 keV —0‘3 x -_0'3 -MO‘B
0:10 - -0.6 1l {-0.6 1l {-0.6
0.05} =R -0.9 -0.9
== -1.2 2 -1.2 -1.2
4.-'.‘.. i . . 2 P | . o '.?' ; s ; B - " - 3 y : 3 i : 1 ;
0.00)7""06 —05 —04 —03 —b62 —0.1 0.0 > %997 5 —05 -04 —03 02 01 00 0 000 T O —63 =03 —01 0.0 1°
z [cm] z [cm] z [cm]

Lawrence Livermore National Laboratory \ / 7
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Inner beam propagation: B field reduces inner
beam absorption in fill, less pancaked implosion

NIF Shot N120321: 21.5 ns: end of pulse

*Shell radius ~ 150 um

* No B: shell oblate (pancaked)

* With B: close to round, better inner-beam propagation

rho [g/ cm ] 21.5 ns

NoB >

50 Hohlraum
axis

r [em]

Lawrence Livermore National Laboratory N A' ._@,c

LLNL-PRES-???

ional Nuclear Security Adr



Hot electrons: ZUMA?! (D. J. Larson): Hybrid PIC
code: kinetic hots, dense plasma background

Run here in “Monte-Carlo” mode:
* Hot electrons undergo collisional drag and angular scatter?
* Lorentz force from time-independent B field; no E field

dE _ C,n, L
ds  my? Drag (energy loss):
~ 1/[e- energy]
Ly, _E ho, I E0 m.c?
2E | ho,
1/2 2
L —In ﬁiz mc’ |, 9 1/8+In2, _1+ij
27" ho, | 16 y 2y
d(6*) oc
c = e’ <ds >: Zvez{Ls,Znizi%neLse} Angular scatter:
e 2 i
Ane, P ~ 1/[e- energy]3/?

Z° 12
zCe_n; u+1 n22LE" e m,c’
2E* | (Z) ha
1, y+3

pe
L =in2%2P 0234 065082 L -L, —tinl3
h 2 2

sl

D. J. Larson et al., APS-DPP 2010; D. J. Strozzi et al., Phys. Plasmas 2012
2A. P. L. Robinson et al., Nuclear Fusion 2014

Lawrence Livermore National Laboratory NA‘ Sﬁg 11
National Nuclear Security Admini fs:;gv
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Adding 1 Tesla field strongly magnetizes hots in
underdense fill, weakly in dense ablator

Time for r.m.s. 90 deg. angular scatter

103l He, 0.96 mg/cm?3, 1 keV

w0’ - -l Cyclotron period, B=1T
_ 1011 _______________ ;;r-eheat
s 10°} |magnetized -h—O-t—S ______ B=70T
S 10-1-_- - -unmagnetized |
Y

1072} 3
CH, 1g/cm3, 0.2 keV
107 q
10" 102 10

KE [keV]

lk Lawrence Livermore National Laboratory \ / S‘Q’eg
LLNL-| nmgnmmﬂdmh::gﬂ 12

PRES-??7?



Hot electrons: Picket with two-plasmon hot e-
source in window: B field guides hots to capsule

NIF shot N120321 @ 1 ns ]
0.30 region , ” Hot electron energy deposited

025 region AT B=
EO.ZU— ! He i g

w

Deposited energ3 ] per injected hot e- Joule; 1ns

skl RS- fll i
10
L 015} 6 0.2
0
- 0.10} ; 4 ) 10
0.05 2 0.1
0 10t
0.00 1 1 1 L
0.7 -06 -05 -04 -03 -02 -01 00

3
L N R RN -

r [em]
o
(]

‘ {107
0.25| .
Intensity W 01
= 0.20} 4 10 -
=013 -0.2
“ 0.10f 1013 10
0.05/
| & N ~0.4 0.2 0.0 0.2 0.4
0007 —06 -05 -04 -03 —02 —o1 o0 ° z [em]

z [em]

* Two-plasmon decay hot e- source: T, , = 80 keV, R=500 um, dN/d€Q = const. for v, >0

* B,=70T (uniform): hot e-’s magnetized in fill, transported directly at capsule

* Fraction of hot e- energy deposited in DT ice: no B: 2.2*103, with B: 0.026 (12x higher)
e Still only ~20 mJ so OK?

* Pre-heat concentrated along poles — may be shape issue
* Preheat depends on hot e- production, tunable by picket pulse shape (e.g. low-power “toe”)

Lawrence Livermore National Laboratory NA' Sf.ﬁ 13

LLNL-PRES-??? National Nuclear Security Administra



B field lines roughly follow MHD frozen-in law:
advected with conducting plasma

N120321, 18 ns: early peak power
IB| [T] 18 ns

jzm Critical field line:

0-25 | 24T~ « Inside lines connect to
—, 0.20§ 210 capsule
= . 1180 T ,
S 0.15 * Outside lines don’t
- \

010N B,=70T

0.05

0.00 0

-0.7 -0.6 -05 — —0. 0.2 -0.1 0.0

z\[cm]

ZUMA Hot e- sources
* Field increases where compressed between ablator and wall
* Some field lines connect to capsule, some don’t
SRS source:
Tiot = 30 keV
* Angle spectrum: dN/dQ = exp[-((6-27°)/10°)%]

Lawrence Livermore National Laboratory \ / Sfﬂl
08 14
nmgnmﬂqmmmmw%

LLNL-PRES-???



Hot electrons: coupling to DT early in peak power
is very sensitive to source location

Coupled energy [J/mm?3] per injected hot e- Joule

10°

r [em]

10°

r [em]

-0.4

=1
z

0.0 0.2

[cm]

10”

0.4

Fraction of hot e- energy coupled to DT ice

Source [NoB B,,= B,,/
70T no B
1 3.58E-4 | 2.89E-3 | 8.07
2 1.37E-4 | 3.44E-6 | 0.025
3 1.19E-4 | 1.26E-3 | 10.6

Lawrence Livermore National Laboratory

LLNL-PRES-???

NS,

r Security Administration



Conclusion: imposed B field may improve inner
beam propagation, could help or hurt hot
electron preheat

Hydra MHD simulation of low-foot shot N120321, with 70 T initial axial field:
* Cross-field electron heat conduction greatly reduced

* Leads to hotter and less dense equator, better inner-beam propagation
 May reduce inner-beam SRS

Zuma studies of hot electron propagation:

* Picket: two-plasmon source in window guided to capsule, energy coupled to DT
12x higher

* Peak power: SRS source confined to He fill, energy coupled to DT strongly
depends on source location

* Story may change if hot electrons made no field lines still connected to capsule

Future work:

 “Biermann” self-generated fields: numerics being investigated

* Nernst effect may significantly affect imposed-field dynamics (A. Joglekar, PRL
2014 and Anomalous Absorption 2015)

Lawrence Livermore National Laboratory NA‘ S&ﬁ 16
National Nuclear Security Admini fs:;gv
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BACKUP BELOW HERE

Lawrence Livermore National Laboratory \ / S@-& 17
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Hot electron test case: source directly incident on

capsule

N120321 18 ns: early peak power

03 —02 -g1 0.0
z [cm]

0.4

Unphysical test source:
Mono-energetic, collimated

Energy deposited per volume

E=175 keV
0.10 T ' T 10°
... Noangular scatter
s 107
E 0.06
" 0.04 -
hots beam through 10
0.02 > J
.00 —0;10 —OI.DS 0.60 0.65 D,iO
z [em]
‘ Deposited energy per hot‘e- energy [Mbarfj] 18 ns .
I 10°
**I' Yes angular scatter
0.08+
- 10"
E 0.06|
- / N
0.04} \
/> hots scatter -
0.02F \
In ablator \
0.00L— \ i

—0.05 0.00 0.05 0.10
z [cm]

-0.10

Lawrence Livermore National Laboratory

LLNL-PRES-???
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Hot electron test case: preheat given by 150 to
250 keV electrons

“Gamow peak”. Energy to DT =
coupling efficiency * hot e- energy spectrum

Peak ~ 175 keV (increases weakly with T, )
~ Thor =50 keV /

0.14} Juttner / — fraction into DT |-
— E*dN/dE [a.u.]
— energy into DT ||

0.12¢

0.10

0.08+

0.06

0.04+

0.02+

0.000 =50 100 150 200 250 300 350 400

Hot e- energy [keV]

Lawrence Livermore National Laboratory NA' Sxﬁg 19
National Nuclear Security Admini fs:;gv

LLNL-PRES-???



Hot electron test case: E > 130 keV to reach DT,
185 keV couple best

Without angular scattering __With angular scattering
1.0 1.0 — DT
\__,\ — CH
- He
0.8}
5" 5 | — A
o = —_ U
O = L |
© 0.6 ‘g 0.6 - = boundaries
Y
>
0.4} o 0.4 N
O (]
c [
0.0 — 0.0 %

100 150 200 250 300 350 400 100 150 200 250 300 350 400
Hot e- energy [keV] Hot e- energy [keV]
0.25(— :
L+ f‘ — YiES SCAE
— % . == yes scat fit
Do 0.20¢ “‘ ) —— no scat
= : == no scat fit
c 0.15] s, \% — no scat model ||
= ‘e
185 keV couple —g X
L 4
— L L
best to DT = B8
2
2 0.05}
L

130 keV to reach DT

00 150 200 250 300 350 400
Hot e- energy [keV]

Lawrence Livermore National Laboratory
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2 page Physics summary (1)

2015 NIF B-field Workshop

Experiment:

Enhancing multi-keV x-ray sources with B-fields

Experiment: XRSD_Kshell Bfield?
Responsible Org: LLNL

NIF shots from: XRSD/NSA?

Shot RI: May/Moore?

Engineer: Rhodes?

Designer: Kemp/Colvin

Experimental objectives: Increase
plasma temperatures in low density, high-
Z gas and foam targets to enhance multi-
keV K-shell radiation used for x-ray
sources

Key physics related to having a B-
field: Inhibited electron thermal transport
with imposed magnetic fields

Expected results: Enhanced K-shell
emission, hotter x-ray spectra from
Dante, NXS, SS-Il and GXD

10/23/2015

Important aspects of the experiment:

» Key B-field requirements: 10-50 T, 25%
uniformity, >10 us rise time

» Potentially more than double K-shell
emission in Kr/Ag/Xe targets

« Enhancement can be tested with phased
increases in B

GXD/NXS/SS-II

NXS GXD

Dante-1

2015 NIF B-field Workshop



2 page Physics summary (2) 2015 NIF B-field Workshop

Experiment: | Enhancing multi-keV x-ray sources with B-fields

- oonsssrmoom
Thin-wall epoxy cylinder W] | v, |

Filled with Ag foam or high-Z gas “\\ N |
5-20 mg/cm3 | |
4 mm ¢x 4 mm long \“H“‘\““H

| | N ' Sk ‘
B-field: axial inside target y
Inhibits radial thermal transport_
Helmholtz coil / solenoid
B,<50T

-  GXD: 090-078
vy Y NXS:090-315
\

|

| \ || \‘ Al \ ‘\ ‘\ \
.

Laser: 10-200 TW for 1-4 ns

23.5° cones dropped

30° cones focus 1 mm outside LEHs \

Outer cones focus 0.5 mm |n5|de LEHs

—— |||

N\ %

PP TS /| Dante-1:143-274

=

r 4

10/23/2015 2015 NIF B-field Workshop



Requirement: | B-field magnitude

2015 NIF B-field Workshop

This experiment requires a B, <50 T and uniformity to 25%

***HYDRA simulation results with resistive MHD package and constant external B,***
NIF scale - 1.0 atm Xe - 65 TW

Z OMEGA scale - 1.5 atm Kr - 833 TW NIF scale - 5.473 mg/cm 3 Ag-2083TW
Q i i
= A i
S e e - e i DY SN W N S —— -
o e———g P s il S L
% -k g @‘/E-
5 15f P S e A Rl I S
g A : s s o7 ' i :
(5] 15‘1-5'“ <7 L W L e |F——==FF=ozox ::::E::::g::::ﬂ L i e - U S
% | e R . 3
" : : H “E-—-—-._,E_ _____ H————— e
w05k e —G- Thermal (0-1.5keV) | () § - |8 Thermal (0-3keV) { () § b e —& Thermal (0-3 keV)
L : O L-shell (1.5-4 ke'W) — L-shell (3-7keV) — L-shell (3-7keV)
-% 0 :, — i shell (12-20 ke V) o ., ., | B Koshell (22 keV) 0 ; — Koshell (>22 ke'V)
2 0 10 20 30 40 50 0 10 20 30 40 50 0 50 150 200
B [T] B_[T]
50 T external B, could double laser-driven 10-30 keV K-shell emission for otherwise
underpowered interactions
Beneficial for either >20 keV sources which use all of NIF (SGEMP or materials effects
testing) or ~10 keV backlighters which only use a fraction of NIF
Uniformity requirements most stringent for lower field strengths: £10% in X-ray yield
(Dante uncertainty) corresponds to better than 25% uniformity @ 10 T,50% @ 50 T
3

10/23/2015

2015 NIF B-field Workshop



Requirement: | B-field spatial extent 2015 NIF B-field Workshop

This experiment requires a magnetized volume of 0.25 cm?

***Material samples are typically located along 90° line-of-sight: coils cannot block emission***

Helmholtz geometry Solenoid geometry
Vetted MIFEDS style approach <«— Untested, but akin to J. Perkins LDRD design
More target «— Less target debris
debris «—» Smaller radius/current
Larger radius/current «——> More uniform fields
Less uniform fields «—> Integrated
Independent «—> No line-of-sight issues
Line-of-sight issues «—» Additional attenuation of < L-shell emission
Unmodified <L-shell emission «—> No unconverted light concerns
Requires unconverted light-shields




Requirement: | B-field rise-time

2015 NIF B-field Workshop

This experiment requires the field to turn on no faster than
10 us for a 50 T B,-field

Assumptions:

- Spatially uniform B, rises linearly from zero to peak field strength (50 T) in time 7

- Cylindrical (semi-infinite) Ag foam of radius R = 0.2 cm and density p = 5.473 mg/cm?

- Volumetric expansion coefficient (¢), specific heat capacity (C, ,) independent of density

- Electrical o =(p/p,) o, & thermal k =(p/p,) k, conductivity linearly proportional to density

- Nonpermeable (z=1,), negligible material motion and dR = 40 xm thick epoxy wall (insulator)

B-field turn on time considerations:

Field lonization
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Requirement: | Diagnostic access 2015 NIF B-field Workshop

This experiment requires diagnostic access for Dante, NXS,
GXD and SS-lI

Opaque coils Transparent coils
It eometry Solenoid geometry

Blocked emission-likelyzGnavoidable 0°, 90° not obstructed in

Need > 14 mm radius either design




Requirement: | Alternative designs

Alternatively, B, can provide both radial and axial insulation

2015 NIF B-field Workshop

OMEGA scale - 1.5 atm Kr- 833 TW

35
Thermal (0-1.5 keV) Thermal ccinductlwty oﬂE ##### A

3N [ _chell (1 5.4 ke\y) [t e
& K-shell (12-20 keV) ,/’k
ﬁ A o | --;—;/’ -----------------------------
k) '
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P ,K /"'-‘{:a-d--_
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L
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B, can increase peak T, by ~50%, B, by ~100%
.
0 10 20 30 50

B [T]

May be possible to achieve nearly total
thermal insulation with B, ~30-30 T

Axial current

No line-of-sight issues

Laser-driven fields likely less
uniform than current-driven

Harder to get ~10 T fields with
single wire



Requirement: | Other issues 2015 NIF B-field Workshop

Other issues

Machine safety considerations (debris, laser damage, backscatter,
diagnostic damage risk, etc)

» Likely reduced backscatter risk from enhanced Landau
damping at increased temperatures

* Increased debris risk with Helmholtz coils

There aren’t currently any vetted diagnostics/calibrations for Ag K-
shell measurements



Summary

Experiment:

2015 NIF B-field Workshop

Enhancing multi-keV x-ray sources with B-fields

Summary requirements

B-field magnitude

10-50T

| extent

B-field spatial shape | Helmholtz or

solenoid field
shape, 0.25 cm?

B-field uniformity

25% over the
required volume

B-field rise time >10 ps
Diagnostic access NXS, GXD, SS-l,
Dante
Other None
10/23/2015

Summary experiment sketch

GXD/NXS/SS-II

NXS GXD

Dante-1

2015 NIF B-field Workshop



2 page Physics summary (1)

2015 NIF B-field Workshop

Magnetized preheat for MagLIF using 20-30 kJ

Experiment:

Experiment: MagLIF on NIF
Responsible Org: LLNL/SNL
NIF shots from: Program

Shot RI: Name of person
Engineer: Person / organization

Experimental objectives:
Measure effect of B field on plasma
temperature and lifetime

Key physics related to having a B-
field: Suppress thermal conduction
losses of preheated plasma

Expected results: Increased electron
temperature during preheat phase when
ot>1, and increased plasma lifetime

10/23/2015

Important aspects of the experiment:

* 30 T peak field, £ 30% uniformity
(future goal = 10%)

e Available for shots in 18-24 months

» Can be done in phased approach
starting at 10 T, but data return and
results improve with higher field

Summary experiment sketch

4. =02 0002 .04 ..

-1.2

2015 NIF B-field Workshop

* 1cmlong by 1 cm diameter gas pipe
* 100 pm thick beryllium (or 75 um CH?)

0.5 pm thick polyimide windows on both
ends

* Laser focused to center of pipe
» Standard NIF inner beam phase plate,

1.2 x 1.65 mm minor/major diameter

* 3 TW of 3w light, 24 kJ over 8 ns
* Peak 1.93e14 W cm at best focus

Gas fill: 1 atm of C_H,, at room temp.,
compare to 0.5 atm fill with same
windows

* FUTURE: High-pressure magnetized DT



2 page Physics summary (2) 2015 NIF B-field Workshop

Experiment:

Magnetized preheat for MagLIF using 20-30 kJ

More detailed experimental sketch showing:

10/23/2015

One quad of NIF, single-sided illumination; B-field along laser axis

Key diagnostics: x-ray framing camera, pinhole camera, spectroscopy
We seek to measure the difference in T, with vs. without B, field (see Fig.) =
We seek to measure propagation distance (size of preheated plasma)

EXAMPLE EXAMPLE

|B|(T) tl|||||||||1||||||V|||__
- magnetized -

"

——
—
—

I
.
(|
= =3
= @

Temperature (keV)

Time (ns)

2015 NIF B-field Workshop 2



Requirement: | B-field magnitude 2015 NIF B-field Workshop

This experiment requires a B, 210 T and uniformity to < 30%

B-field magnitude : 10 T initial, 30 T desired
B-field spatial variation requirements : Solenoidal or Helmholtz field
B-field spatial uniformity requirements : < 30 % initial, < 10 % desired

» Required B, spatial uniformity required for integrated (neutron-
producing) MagLIF is a work-in-progress. About 1% was achieved at
Z, but this value is not known to be required.



Requirement: | B-field spatial extent 2015 NIF B-field Workshop

This experiment requires a magnetized volume of ~0.8 cm?3

Approximate magnetized volume : Cylinder with V ~ 0.8 cm3
(ICF target limit: D=1cm,L=1cm, V =0.785 cm3)

Spatial shape of magnetized region : Cylinder

Proposed source current path for achieving this :

Helmoltz configuration to provide better diagnostic access to the
main gas-pipe plasma



Requirement: | B-field rise-time 2015 NIF B-field Workshop

This experiment requires the field to turn on
no faster than 24 us (10 T) or 73 us (30 T)

Rise-time determined by need to fully diffuse into target
without deforming or otherwise compromising target integrity.

Target tube thickness attenuates x-ray signal, so it (and its Z*)
should be minimized.

For 30 T peak field and 100 um thick Be gas pipe tube: =73 us
For 10 T peak field and 100 um thick Be gas pipe tube: = 24 us

For < 30 T peak field and CH gas-pipe: = 2 um (or driven by the
heating rate in the pulsed-power delivery

» Possibility for ~30% reduction with ~70 um thick Be?
 Possibility for reduction if tubes use thin CH, SiO,, etc., instead

» Future target designs may involve small amounts of higher-Z
metal layers/contaminants for mix studies, but unlikely to raise
requirement much



Requirement: | Diagnostic access 2015 NIF B-field Workshop

This experiment requires diagnhostic access for these
measurements...

* Measure transmission, backscatter and Te
* Single quad, CPP, SSD, PS, 24 kJ in 8 ns: ~ 2x10%** W/cm?
* 2shots: n,=9x10%°cm3(10% n_) and 4.5 x 10%° cm™3

Transmission (witness plate
or thin walled imaging)

Gated camera image Spectroscopy data for
(expected) Te (notional)

N141216-002-999_DISC_000-000_NXS &6

Pheoton Energy (keV)

DISC Sweep [ns)

Q31B / A Helmholtz field configuration provides the best
Backscatter

diagnostic access for this experiment
10/23/2015 2015 NIF B-field Workshop



Requirement: | Other issues 2015 NIF B-field Workshop

Single-quad experiment will require it’'s own debris
consideration

Machine safety - debris:

The experiment is a single quad (< 30 kJ). This low energy may
create particle debris. Need to evaluate or consider “destroyer-
pulse”



Summary

2015 NIF B-field Workshop

Experiment; Magnetized preheat for MagLIF using 20-30 kJ

Summary requirements

Summary experiment sketch

B-field magnitude

10T-30T (goal)

B-field spatial shape /
extent

~0.8 cm3;
Solenoidal or
Helmholtz field

B-field uniformity

< 30% (initial) over
required volume
(= 10% goal)

B-field rise time

2 24 ps (to 2 73 ps)

Diagnostic access

X-ray spectroscopy
at several positions

Other

Target body
material?
(Assumed Be)

10/23/2015

EXAMPLE
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2015 NIF B-field Workshop
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2 page Physics summary (1)

2015 NIF B-field Workshop

Experiment: |Magnetized PDD

Experiment: MagPDD
Responsible Org: LLE

NIF shots from: Program
Shot RI: Hohenberger, TBD
Engineer: TBD

Experimental objectives: PDD ICF w/
magnetic-flux compression to reduce
electron heat flux losses

Key physics related to having a B-
field: embedded B field is trapped in the
ionized gas inside the capsule,
undergoes magnetic flux compression

Expected results: heat flux reduction
due to electron confinement along B-field
lines and enhanced hot  spot
temperatures and yield

Important aspects of the experiment:
« Has been demonstrated on OMEGA
« B ~10T for electron heat-flux reduction

« B ~30Tto access a- and Triton-
confinement (assuming ~500x amplification)

» Schedule - TBD

+ Can the experiment be done as a phased
approach —with phased increases in B? Yes

Summary experiment sketch

Seed magnetic field Compressed field
BO B> BO
A

Plasma

F<I’O

10/23/2015 2015 NIF B-field Workshop



2015 NIF B-field Workshop

Experiment: |Magnetized PDD

* Yield enhancement via magnetic flux compression has been demonstrated
on Omega*

* Magnetic-flux compression on NIF allows to access hot spot regimes with
reduced electron-heat flux and alpha- (DT) or triton- (D,) confinement

« PDD is natural fit for coil in equatorial plane

* Coil with ~3.6 mm ID allows for unobstructed beam propagation with
nominal PDD pointing (using 2.2 mm targets, and 5-deg coil tilt for target
stalk)

« Experimental setup is based on current PDD implosion w/ standard
diagnostics

- GXD’s
- nTOF's
- etc.

*M. Hohenberger et al., Phys. Plasmas 19, 056306 (2012)

10/23/2015 2015 NIF B-field Workshop 2



2015 NIF B-field Workshop

Experiment: |Magnetized PDD

« Alternative configurations may also be considered

« “Helmholtz” coils allow better diagnostics access (e.g., proton radiography)

« Ellipsoidal hot spot in B, field direction enhances B-field effects by enhancing
area perpendicular to the field lines, where heat losses are suppressed, good

match for unique polar-drive geometry
DAC:

+ dense shell

* beam interference limits coil geometry

laser (only 50-deg quads shown)

hot spot

proton

jxajectories

_____ h' 4 1. OD: 6 mm

[ | | [ T

separation: 13 mm detector plate

A
v

10/23/2015 2015 NIF B-field Workshop



Requirement: | B-field magnitude 2015 NIF B-field Workshop

Electron heat-flux suppression requires B ~ 10 T over the
capsule volume

» Electron-flux suppression has been demonstrated with seed
fields of 8T on Omega

« For DT implosions, the 500x magnetic-flux compression of a
~20T B-field is sufficient to demonstrate alpha-particle
confinement with g, <rpg

 For D, /warm implosions, a ~20-T seed is expected to confine
Tritons to the hot spot

« Secondary yield enhancement in warm implosions from triton
confinement has not hbeen demonstrated before

* Volume set by minimum coil size and laser interference, ID ~
3.8 mm for single-coil

 Risetime set by joule-heating quenching current rise, <1 s



Summary

2015 NIF B-field Workshop

Experiment:

Few word descriptive name of the experiment

Summary requirements

Summary experiment sketch

B-field magnitude 10-30T
B-field spatial shape | single colil,
| extent g;mbeenasr:]ons set
interference, ~3.6
mm D
B-field uniformity TBD
B-field rise time <lus 8
Diagnostic access NTOF line of sight <_°_
Other None
10/23/2015 2015 NIF B-field Workshop
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Magnetized high energy-density plasma research at LLE

LLE

Magnetized plasma at LLE

0 Users II
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Summary

MIFEDS has opened a new frontier on magnetized HED

plasma research on OMEGA

UR
LLE

 Magnetized HED plasma research has greatly expanded during the last few
years

 Magnetic field generator MIFEDS has become a facility diagnostic, widely used
by LLE and Users

 MIFEDS flexible platform allows for wide variety of experimental configurations
both on OMEGA and EP

 New and exciting results have been obtained in the areas of ICF, astrophysics-
relevant applications, e-e* pair production, and others

 Work ongoing on high-B platform development - from 10T to 30T to 50T



Collaborators

UR

LLE Scientists:
O. Gotchey, J. Knauer, R. Betti, P.-Y. Chang,

M. Hohenberger, J. Davies, D. Barnak
S.X. Hu, P. Nilson

Engineers:
A. Agliata, W. Bittle, G. Brent, D. Hasset, L. Folnsbee,
D. Lonobile, M. Shoup, C. Taylor

Users:
W. Fox, A. Bhattacharjee, H. Chen, H.-S. Park, D. Montgomery,
and many others



Outline

UR

 MIFEDS - platform for magnetized plasma studies

 Fusion and non-fusion applications
— Field compression and neutron yield enhancement
— Magnetic reconnection

— Positron focusing

* Upgrade to higher B



The centerpiece for magnetized HED plasma research
is MIFEDS

UR

From an actual hallway conversation:

- Listen, I’'m having problems with MIFEDS...

- Sorry to hear that. Maybe you should see a doctor..

MIFEDS
Magneto-Inertial Fusion Electrical Discharge System

TIM-based generator of pulsed magnetic field



MIFEDS is a densely-packed assembly of high current, high
voltage, and control electronics, all designed and

engineered to be used in a TIM -

LLE

200

HV charging
supply

HV Capacitors
2x 0.5 yF/25 kV

Magnetic
coil

\

Trigger pulse

. s generator
S Spark gap
switch
HV transmission
line Thanks to:

C. Taylor, M. Shoup, D. Lonobile,
D. Hassett, L. Folnsbee



Historically, the coils were made by bending thin Cu foil

and using Kapton sheets for isolation
UR

LLE

Helmholtz Single Baseball




Lately, we switched to 3-D printed magnetic coils allowing

for a much wider variety of magnetic configurations
UR
LLE

* The coils is made by winding a
Kapton-insulated wire around a
nylon coil form.

 The coil form is 3-D printed,
which allows for virtually an
unlimited number of possible
precise configurations.




Two MIFEDS units operate on OMEGA and EP

as facility diagnostics
LLE

e First deployment of these units on EP - August 2012, on OMEGA - November
2013

* Fields of ~10 T have been achieved in a ~2 cm? of effective B-volume with
adequate beam and diagnostic access

 The device has become user friendly and reliable

 We had one campaign on positron focusing on TITAN (with some alignment
issues)

Stored Current/

Energy |Time to peak ke Comments

MIFEDS TIM. sinale oul
10T 200 J 30kA/0.5ps 10T 100J  S'Ngiepuise

use

now



Outline

UR

 Fusion and non-fusion applications
— Field compression and neutron yield enhancement
— Magnetic reconnection

— Positron focusing



Fusion enhancement - magnetization of plasma

electrons inhibits the conduction heat transport

UR
LLE

 Plasma electrons can be magnetized so the heat conduction losses are
reduced and the temperature is increased

e Past results* - 30% increase in neuron yield, 15% increase in Ti

The topic is covered by
M Hohenberger

* P.-Y. Chang et al., PRL 107, 035006 (2011)
M. Hohenberger et al., PoP 19, 056306 (2012)

11



Reconnection of an external B-field was studied by
colliding two HED plasma bubbles

CH

Multi-MeV
proton beam

B-field of 8 T was created
by magnetic coils
powered by MIFEDS



A series of proton (13 MeV) radiography images illustrates
formation and collision of magnetic ribbons and creation of
reconnected B-field

UR
LLE

3.39 ns

-2 o) 2
X [mm]

The topic will be covered is detail
G. Fikseletal., PRL 113, 105002 (2014) tomorrow by W. Fox



We call the reconnection coil - “Enterprise”*

CLE
USS Enterprise MIFEDS MagRecon
Star Trek TNG “Enterprise” coil

4-0‘-

*Any resemblance is purely coincidental



Energetic positrons and electrons are focused with a
magnetic lens

UR
LLE
10 —
\ ~|Coail Exp setup 4
h 10 7~ Shot with B-fields
81 - by MIFEDS
6 . '
- B-field lines - g ,
[ 107
41 o ) :
i >
L QO
- =
2 - o
L QO
| L
I Partlcle trajectory E 10
0 ; : ; I : . = 10—
0 20 40 60 ]
Distance to beam source (mm)
1 + )
4ty T f ﬂ-'_i- Ref. shot ! . '.';‘q_‘
142 tad W (no B-fields) #35 *e v 3
i T ™ P oy,
et A T + L P e
— T T [ T v v T [ v v v T [ v v v T ]
10 15 20 25
The topic is covered is detail Particle energy (MeV)

tomorrow by H. Chen

Next step - positron
trapping by MIFEDS TNG

H. Chen et al., PoP 21, 040703 (2014)

15



Outline

UR

 MIFEDS - platform for magnetized plasma studies

 Fusion and non-fusion applications
— Field compression and neutron yield enhancement
— Magnetic reconnection

— Positron focusing

e Upgrade to higher B

LLE



A high magnetic field is beneficial for many experiments -
LLE and Users

UR

LLE

 Fusion enhancement - spherical implosions, MAGLIF
 Magnetic reconnection - B (Lundquist)scaling

e Astrophysical shocks and jets - achieving Pplasma/PB ~1

& ROCHESTER




High B field is extremely challenging, especially in the

high-power, precision optic laser environment

UR
LLE

MIFEDS
* High stored energy

 High mechanical stresses

* High thermal dissipation

e Arcing, debris, dust, EMI

* Beam and diagnostic access

e Coil explosion

& ROCHESTER



High B field requires high stored energy and results in high
mechanical stresses which are ~B?

UR
LLE
1.0 1000 At 50T, B-pressure is
- _ 1000 MPa (10,000 atm)
“ 0.8 800 ©
S @  « Copper ultimate tensile
= 06 600 ;:; stress is 220 MPa =>
>
o4 = 25T-30T limit
5 0.4 400 'mi
g5 | | e
. <
0.2 200 For short pulses = 1|.|s., a
! coil can be free-standing
0 0 - inertially supported

* For longer pulses,
encasing is required

@ Rocisii Qg



A staged development is proposed:
Stage | - 10T==>30T, Stage Il - 30T==>50T

UR
LLE
Good news -
Bfield vs stored energy plasma beta, heat conduction,
etc ~1/B2

e Currentstage-10 T

 Next stage 30 T, and order of
magnitude increase in B?,
near the material stress limit

B (T)

| ; * Next stage 50 T, mechanical
0 stresses and high thermal
 MFEos ... | Jloading anticipated

0.1 1 10

Stored Energy (kJ)




Possible coil design approach - multi-turn, encased.

Requires 50 kA to produce 30 T in a ~5 mm dia volume

UR
LLE

Wire

e Kapton insulated Cu wire 1mm dia, 9 turns

Enclosure . The wire is encased into an enclosure
e Enclosure must be either non-conductive

(epoxy? plastic? ceramic?)
or have slits to eliminate the eddy currents

& Rociisiin Qg



A similar approach can be used for other beam and

diagnostic configurations

UR
LLE

“Helmholtz” coil with Single coil above
equatorial access the equator

& ROCHESTER



Simplified schematic of a 50 kA pulser

UR
LLE
Power supply Coil
R0.25 Ohm L 250 nH Recoil
0.01 Ohm
C
Lcoil
A 50 pF
= 20 kV 1500 nH




The coll thermal dissipation is manageable

UR
LLE
Stored energy 10 kJ 1600
Bfield energy 2 kJ 'Ié'em era;t r ]
COiI diSSipation 0.75 kJ .......................... ....................... p ' ue_ 500 _I
S 2t [ |/ \ _— o 1400 3
- _ @
§ Cuérrent 1300 %
. At the current peak, the =TV ) R S — L =
coil is heated up to 150 °C  © 200 o
* The wire stays below 50% 100

of melting temperature for
the entire pulse duration

Time (us)

B ROCHTESTER




Off the shelf capacitors and switches can be used

UR
LLE

GA 33593 - 50uF/20kV/50kA  Perking-Elmer triggered spark gaps
GA 33694 - 2x 50uF/20kV/50kA

e Used in MIFEDS

* Very reliable

@ Recisiin e



Main electrical components will be outside the TIM

& ROCHESTER

UR

LLE
; Control,
Charging interlocks
TIM flange Sliding/flexible
w HV power transmission
feedthroughs

COI|

Ca é

-
boat

Triggered gap - NSRS

cables in ||
to reduce L




MIFEDS upgrade will be staged

MIFEDS
10T
now

MIFEDS
30T

1 year

MIFEDS
o0T
2 years

Stored Current/
Energy |Time to peak

200 J 30kA/0.5us

10 kJ 50kA/10ps

25 kJ 70ka/20us

Bfield

10T

30T

50 T

Comments

TIM, single pulse
100J ..

Power supply
2 kJ outside the TIM,
multi-pulse

Power supply
5 kJ outside the TIM,
single-pulse

27



High Bfield on OMEGA is challenging (but doable)

UR

LLE

 Enclosure must be either non-conductive (epoxy? plastic? ceramic?)
or have slits to eliminate the eddy currents

e Coil operation options:
— Replaceable after each shot?

— Replaceable after each campaign?
* High voltage/High current MIFEDS interface
* Debris mitigation
e Beam and diagnostic access

e Fabrication and testing

& ROCHESTER




Summary

MIFEDS has opened a new frontier on magnetized HED

plasma research on OMEGA

UR
LLE

 Magnetized HED plasma research has greatly expanded during the last few
years

 Magnetic field generator MIFEDS has become a facility diagnostic, widely used
by LLE and Users

 MIFEDS flexible platform allows for wide variety of experimental configurations
both on OMEGA and EP

 New and exciting results have been obtained in the areas of ICF, astrophysics-
relevant applications, e-e* pair production, and others

 Work ongoing on high-B platform development - from 10T to 30T to 50T



B-field target deployment on NIF

Faclility Considerations
B-Field Working Group

LLNL, Oct 12-13 2015 Bruno Van Wonterghem,
Phil Datte, Mark Jackson, Dan Kalantar, Tom Kohut, Tom Parham

B Lawrence Livermore
National Laboratory

LLNL-PRES-XXXXXX

This work was performed under the auspices of the U.S. Department
of Energy by Lawrence Livermore National Laboratory under Contract
DE-AC52-07NA27344. Lawrence Livermore National Security, LLC




Successful iImplementation of B-field capability
on NIF will be an iterative process

Define requirements:

« Detailed field strength, shape, orientation, time dependence, and uniformity
requirements from the experimental design point of view

|dentify use cases:

« Target types that require magnetic fields (warm, cryo, layered targets)
« Diagnostic requirements (LOS)

« Discharge or laser driven

Develop implementation concepts:
« Target + field coils integrated on the same positioner or separate
« Standardization of the interfaces and implementation (common magnetizer)

Evaluate impacts:
- Identify facility impacts and potential mitigations

« Implementation design
« Lines of sight, debris & shrapnel, EMI/EMP

Lawrence Livermore National Laboratory LNLPRES o007
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